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ABSTRACT 1 
A rnedium-frequency (MF) cornmunication systern has been b u i l t  and hds been 
t e s t e d  i n  underground rnines. It p r o v i d e s  r a d i o  coverage t o  v e h i c l e s  and 
personnel  anywhere i n  t h e  mine v i a  p a r a s i t i c  coupl i n g  i n t o  e x i s t i n g  mine 
conductors .  The systein cons i  s t s  o f  base s t a t i o n s ,  repea te rs ,  and vehi  c u l  a r  and 
personnel  t r a n s c e i  vers .  A i  r - c o r e  antennas f o r  v e h i c l e s  and c l  amp-on antennas 
f u r  base s t a t i o n s  and r e p e a t e r s  were des igned f o r  inaximum coupl  i n g  e f f i c i e n c y  
u s i n y  e x i s t i n g  mine w i r i n g .  Personnel  t r a n s c e i v e r s  a r e  o f  a un ique v e s t  
d e s i g n  t h a t  f e a t u r e s  d low p h y s i c a l  p r o f i l e ,  good user  c o ~ n f o r t ,  and e f f i c i e n t  
antenna design.  
In-mine t e s t s  show i m p r e s s i v e  r e s u l  t s .  Range between r u b b e r - t i  r e d  
v e h i c l e s  and base s t a t i o n s  i s  o f t e n  measured i n  ~ n i  l e s .  With r e p e a t e r s ,  g r e a t e r  
range i s  p o s s i b l e .  
INTRODUCTION 1 
Ever s i  nce t h e  emergence o f  r a d i  o f o r  p r a c t i c a l  s u r f a c e  communi c a t i  ons, 
a t t e m p t s  have been made t o  a p p l y  i t  t o  underground m in ing .  The Bureau o f  
ivlines was one o f  t h e  e a r l y  researchers  i n  t h i s  area. As e a r l y  as 1922, Bureau 
o f  Mines exper iments  showed t h a t  r a d i o  p r o p a g a t i o n  i n  mines was p o s s i b l e  b u t  
n o t  p r a c t i c a l  . Equipment was bu l  ky  and i n s e n s i t i v e ,  and o n l y  v e r y  l a r g e  
antennas c o u l d  be used. The d e s i r e  f o r  in -mine r a d i o  communications i s  
obv ious.  Such a system would p e r m i t  mine personnel  t o  r e c e i v e  o r  i n i t i a t e  
messages w i t h o u t  p h y s i c a l l y  go ing t o  a te lephone.  The b e n e f i t s  would be s a f e r  
and more p r o d u c t i v e  ~ n i  n i  ng o p e r a t i o n s .  
RADIO PROPAGATION IN  MINE ENVIRONMENTS 1 
A l t hough  r a d i o  transmission on t h e  s u r f a c e  o f  t h e  e a r t h  i s  w e l l  
unders tood,  t ransmi  s s i  on i n  an undery round env i  ron~nent  genera l  l y  i s  no t .  
Compl ex i n t e r a c t i o n s  occur  between t h e  r a d i o  wave and t h e  env i  ron~nent .  
C h a r a c t e r i s t i c s  o f  t h e  geology ( s t r a t i f i e d  l a y e r i n g ,  boundary e f f e c t s ,  con- 
d u c t i v i  t y ,  e tc . )  and t h e  m i  ne compl ex ( e n t r y  d imension,  conductors ,  e l  e c t r o -  
magne t i c  i n t e r f e r e n c e s ,  e tc . )  had t o  be measured and unders tood b e f o r e  a 
I p r a c t i c a l  mine r a d i o  systern c o u l d  be b u i l t .  To t h i s  end, c o n s i d e r a b l e  1 resedrch  has been d i  r e c t e d ( 1 )  - l. 
I n  a  c o n f i n e d  area such as a  mine, r a d i o  waves can propagate  u s e f u l  
d i  s tances o n l y  i f  t h e  e n v i  ronlnent has t h e  necessary e l e c t r i c a l  and p h y s i c a l  
p r o p e r t i e s .  The "env i  ronrnent" takes  i n t o  account t h e  n a t u r a l  geol  ogy and 
rnan~nade p e r t u r b a t i o n s  such as t h e  mine complex i t s e l  f. As an example, i f  t h e  
wave length  ( A) o f  a  r a d i o  wave i s  srnall cornpared w i t h  t h e  e n t r y  d i lnensions,  a  
wavegui de mode o f  p r o p a g a t i o n  i s  p o s s i b l e .  A t t e n u a t i o n  depends p r i l n a r i  l y  upon 
t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  e n t r y  such as c r o s s - s e c t i o n a l  area,  w a l l  
roughness, e n t r y  t i 1  t s ,  and o b s t a c l e s  i n  t h e  p ropaga t ion  path. Secondary 
e f f e c t s  such as t h e  d i  e l  e c t r i  c  c o n s t a n t s  and e a r t h  c o n d u c t i v i t y  a1 so i n f l  uence 
a t t e n u a t i  on. 
M i  ne r a d i  o  systems based upon t h i  s  e f f e c t  a r e  ava i  1  ab l  e  cornmerci a1 1  y.  
These a r e  UHF systems o p e r a t i n g  around 450 MHz which p r o v i d e  u s e f u l  b u t  
1  i r n i t e d  coveraye. I n  h i g h  coa l  [ 2  m  (6.5 f t ) ] ,  l i n e - o f - s i g h t  ranges o f  300 m  
(1,000 f t )  a r e  o f t e n  p o s s i b l e .  Range i s  reduced s e v e r e l y  i n  non- 
1  i n e - o f - s i  g h t ,  such as when go ing  around a  coa l  p i 1  1  a r .  I n  l ower  coa l  , o r  when 
o b s t a c l e s  e x i s t  i n  t h e  p r o p a g a t i o n  path ,  range i s  reduced even Inore. For t h i s  
redson, conven t iona l  UHF r a d i o  systems r e q u i  r e  an e x t e n s i  ve network o f  l e a k y  
f e e d e r  t ransmi  s s i o n  cab1 es and r e p e a t e r s  t o  becorne u s e f u l  . Even so, range 
frorn t h e  c a b l e  i s  r ~ o t  usual  l y  i n  excess o f  9  t o  16 m (30 t o  50 f t )  , and 
equiplnent c o s t  i s  ve ry  h igh.  C l e a r l y  ano the r  approach i s  d e s i r a b l e .  
1 HISTORICAL OBSERVATIONS 
An i m p o r t a n t  cont  r i  b u t i  on t o  underground r a d i o  cornmuni c a t i o n s  was made by 
t h e  Chamber o f  Mines o f  South A f r i c a .  As e a r l y  as 1948, programs were i n  
p l a c e  t o  deve lop r a d i o  systems f o r  deep mines, p r i m a r i l y  g o l d  mines ( 2 ) .  The 
r e s u l t  was t h a t  by 1973, an advanced 1 - W  s i n g l e  s ideband (SSB) p o r t a b l e  r a d i o  
systern had been developed t h a t  a p p a r e n t l y  v~orked we1 1  . The Bureau o f  Mines 
p r o c u r e d  severa l  o f  t hese  u n i t s  f o r  e v a l u a t i o n .  Performance i n  U.S. coal  
mines was n o t  s a t i s f a c t o r y .  There were severa l  reasons f o r  t h i  s. F i  r s t ,  U.S. 
mines a r e  h i g h l y  e l e c t r i f i e d ,  p roduc ing  c o n s i d e r a b l e  electromagnetic i n t e r f e r -  
ence (EMI) n o t  nor rna l ly  found i n  t h e  South A f r i c a n  mines, which c o m p l e t e l y  
d e s e n s i t i z e d  SSB r a d i o s .  Second, 1 W was n o t  enough power. U.S. mines a r e  
r ~ i o s t l y  room and p i 1  l a r ,  which means t h a t  any r a d i o  systern would have t o  have 
reasonab le  range f ro in l o c a l  conductors .  Thi  r d ,  g e o l o g i c a l  e l e c t r i c a l  param- 
e t e r s  were l e s s  f a v o r a b l e  i n  t h e  U n i t e d  Sta tes .  For these  reasons, t h e  South 
A f r i c a n  systern was no t  acceptab l  e. 
The Bureau 's  approach was t o  f i r s t  determine t h e  a c t u a l  p ropaga t ion  
c h a r a c t e r i s t i c s  o f  MF i n  U.S. mines, and t h e n  t o  r e l a t e  t h e  p ropaga t ion  t o  t h e  
underground env i  ronment such as t h e  geol  ogy , e n t r y  s i  ze, e x i  s t i  ng conductors ,  
and EMI. Several  e x h a u s t i v e  in -mi  ne measurement and a n a l y s i s  programs (3-5)  
were conducted. These proyrarns formed t h e  f o u n d a t i o n  f o r  t h e  f i r s t  t r u e  
unders tand ing  o f  how MF propagates i n  a  s t r a t i f i e d  medium o f  v a r i o u s  
e l e c t r i c a l  parameters,  which a r e  o f t e n  i n t e r l a c e d  by man-made conduc t ing  
s t r u c t u r e s  ( r a i  1  s  and power l i n e s )  and a r t i f i c i a l  v o i d s  (en t ryways ) .  
'under1 i n e d  numbers i n  parentheses r e f e r  t o  i t ems  i n  t h e  l i s t  o f  re fe rences  
a t  t h e  end o f  t h i s  paper. 
F i g u r e  1 i s  a  s i m p l i f i e d  geometry o f  an in-mine s i t e  t h a t  i l l u s t r a t e s  one 
o f  t h e  most i m p o r t a n t  f i n d i n g s  o f  t h e  measurement prograrn, t h e  "coa l  seam 
mode." For t h i s  mode t o  e x i s t ,  t h e  coa l  seam c o n d u c t i v i t y  ( % )  must be 
severa l  o r d e r s  o f  magnitude l e s s  than  t h a t  o f  t h e  rock (a r ) .  A  l o o p  antenna 
t h a t  i s  a t  l e a s t  p a r t i a l  l y  v e r t i c a l  l y  o r i e n t e d  produces a  v e r t i c a l  e l e c t r i c  
f i e l d  (E,) and a  h o r i z o n t a l  magnet ic f i e l d  ( H + ) .  I n  t h e  rock,  t h e  f i e l d s  
d i m i n i s h  e x p o n e n t i a l l y  i n  t h e  Z - d i r e c t i o n .  I n  t h e  coa l  seam, t h e  f i e l d s  
dirni n i  sh exponen t ia l  l y  a t  a  r a t e  determi  ned by t h e  a t t e n u a t i o n  cons tan t  ( a), 
which i n  t u r n  depends upon t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  coa l .  An i n v e r s e  
square - roo t  f a c t o r  a l s o  e x i s t s  because o f  spreading.  The e f f e c t  i s  t h a t  t h e  
wave propagates between t h e  h i g h l y  conduc t ing  rock l a y e r s  bounding t h e  lower  
c o n d u c t i v i t y  coa l  seam. The f a c t  t h a t  t h e  coal  rnay have e n t r i e s  and c r o s s c u t s  
i s  o f  ~ n i  n o r  consequence. 
I n  t h e  presence o f  conductors ,  t h e  p i c t u r e  changes cons ide rab ly .  I n  t h i s  
case, t h e  e f f e c t s  o f  these conductors  can t o t a l l y  dominate t h e  e f f e c t s  o f  t h e  
geol  ogy. I n  general  , t h e  presence of conductors  ( r a i  1  s  , t r o l l  ey 1  i nes , water 
p ipes ,  a i r  l i n e s ,  phone l i n e s )  i s  always o f  advantage. 
MF can couple  i n t o ,  and r e r a d i a t e  from, cont inuous conductors  i n  such a  
way t h a t  these  conductors  become n o t  o n l y  t h e  t rans in i ss ion  l i n e s ,  b u t  a1 so t h e  
antenna system, f o r  t h e  s i g n a l s .  The most f a v o r a b l e  f requency depends t o  some 
e x t e n t  on t h e  r e l a t i o n s h i p  between t h e  geology and e x i s t i n g  conductors .  The 
f requency e f f e c t s  a r e  q u i t e  broad. Anyth ing f rom 500 kHz t o  800 kHz w i  11 
usual  l y  be adequate. 
SYSTEM DESIGN 
The MF system desc r ibed  here i s  based upon v e h i c u l a r  and personnel  
t ransce i  v e r  u n i t s  , base s t a t i o n s  , and repea te rs .  It appl i es p r i o r  fundamental 
research  i n  t h e  area o f  MF and u t i l  i z e s  t h e  e x i s t i n g  mine w i r i n g  network 
(power cab les,  t r o l  l e y  l i n e ,  e tc . )  t o  ach ieve whole-mine coverage. The b a s i c  
system c o n f i g u r a t i o n  i s  shown i n  f i g u r e s  2 and 3. 
F i g u r e  2 i l l u s t r a t e s  a  minewide r e p e a t e r l b a s e  s t a t i o n  concept known as 
t h e  g l o b a l  maintenance net .  I n  t h i s  c o n f i g u r a t i o n ,  rnobi l e  u n i t s  (persons 
u s i n g  t r a n s c e i v e r  ves ts  and/or v e h i c u l  a r  t r a n s c e i v e r s )  can m a i n t a i n  l o c a l  
communications by o p e r a t i n g  a t  f requency fl. The range o f  communications i n  
t h i s  case i s  s o l e l y  dependent on p o i n t - t o - p o i n t  r a d i o  propagat ion,  a ided  by 
p a r a s i t i c  coup1 i ng. A  t r a n s m i s s i o n  on f2 causes repea te r  a c t i o n  t o  occur ,  
p e r m i t t i n g  t h e  two mob i le  u n i t s  t o  be separated ve ry  l a r g e  d is tances .  To 
ach ieve  t h i s  r e p e a t e r  a c t i o n ,  i t  i s  o n l y  necessary f o r  t h e  t r a n s m i t t i n g  u n i t  
t o  reach t h e  repea te r ,  e i t h e r  d i r e c t l y  o r  by p a r a s i t i c  e f f e c t s  t o  t h e  r e p e a t e r  
1  i n e  coup le r .  Communications w i t h  a  base s t a t i o n  a r e  a l s o  p o s s i b l e .  
F i g u r e  3  i l l u s t r a t e s  a  l o c a l  r e p e a t e r  concept c o n s t i t u t i n g  a  l o c a l  
c e l l u l a r  ne t .  Th is  l o c a l  repea te r  i s  known as a  " c e l l u l a r  r e p e a t e r "  because i t  
i l l u m i n a t e s  a " c e l l "  o r  area o f  t h e  mine, such as a  work ing s e c t i o n ,  on ly .  
The antenna f o r  t h e  c e l l u l a r  r e p e a t e r  i s  a  dual  w i r e  l o o p  a t tached  t o  t i m b e r s  
o r  t h e  r i b .  An i n t e r f a c e  t o  t h e  mine te lephone  system p e r m i t s  communications 
" o f f  sec t ion . "  
The systern des ign  i s  d i s t r i b u t e d  i n  t h e  sense t h a t  each n e t  can be operated 
i n d e p e n d e n t l y  o f  t i l e  o t h e r .  I n  p r a c t i c e ,  a ne t  can be e a s i l y  i n s t a l l e d  by 
c o u y l i n y  a base s t a t i o n  ( a t  t h e  p o r t a l  ) t o  e l e c t r i c a l  conduc to rs  i n  t h e  
w i  r e p l  a n t  (phone 1  i nes , power 1  i nes, e t c  . ) . Mobi 1  e  t r d n s c e i  v e r s  o p e r a t i n g  on 
t h e  dss iyned  n e t  f requency co~nmunicate w i t h  edch u t i l e r  arid t h e  i3dse. Other  
n e t s  use d i f f e r e n t  f requenc ies  and a r e  i n s t a l l e d  i n  t h e  salne Nay. 
Mobi 1 e  Transce i  v e r s  
--- -- -.---- 1 
Two t y p e s  of m o b i l e  t r a n s c e i v e r s  have been developed f o r  t h e  systern. 
These t r a n s c e i v e r s  cons i  s t  of v e s t  u n i t s  f o r  i nd i  v i d u a l  s and veh i  c u l  a r  u n i t s  
f o r  r o l l i n g  s tock .  F u n c t i o n a l l y  t h e  two a r e  e q u i v a l e n t ,  d i f f e r i n g  o n l y  i n  
power l e v e l s  and p h y s i c a l  c o n f i g u r a t i o n .  These t r a n s c e i v e r s  a r e  shown i n  
f i  yures 4 and 5.. 
An i m p o r t a n t  human f a c t o r  problem was so lved  by t h e  ves t  des ign.  By 
p l a c i n g  t h e  r a d i o  c i  r c u i  t modul es i n  pockets  on t h e  ves t ,  t h e  wei y h t  and bu l  k  
o f  t h e  t r a n s c e i v e r  have been e v e n l y  d i s t r i b u t e d .  The l o o p  antenna i s  sewn 
i n t o  t h e  back o f  t h e  vest .  The pockets  a r e  l o c a t e d  where medical  reco rds  show 
l e s s  f requency o f  i n j u r y .  Sound i s  d i r e c t e d  toward t h e  ea rs  f rom e p a u l e t  
speakers.  A h inged c o n t r o l  head i s  c o n v e n i e n t l y  l o c a t e d  on t h e  f r o n t .  The 
d e s i  yn a1 lows t h e  miners  t o  maneuver i n  t i g h t  q u a r t e r s  and yerforrn normal 
~ n i  n i  ng t a s k s  w i t h o u t  c a t c h i n g  t h e  r a d i o  on o b s t r u c t i o n s .  
The v e h i c u l a r  u n i t  can be c o n v e n i e n t l y  p laced  on any mine v e h i c l e .  It i s  
used i n  c o n j u n c t i o n  w i t h  a  s p e c i a l  l o o p  antenna o f  advanced d e s i g n  t h a t  
produces h i g h  magnet ic  moment. Mechanical  l y ,  t h e  antenna i s  enc losed i n  h i g h  
s t r e n g t h  l e x a n  and i s  a t t a c h e d  t o  t h e  v e h i c l e  v i a  s p e c i a l  b r a c k e t s .  The lexan  
w i  1  1 n o t  break even i f s e v e r e l y  f l  exed by impact .  
F i  xed S t a t i o n  Antennas 
Bes ides t h e  mobi 1  e  t r a n s c e i v e r s  d i scussed  above, t h e  system a1 so c o n s i s t s  
o f  f i x e d  t r a n s c e i v e r s  such as r e p e a t e r s  and base s t a t i o n s .  (See f i g u r e s  2 and 
3.) For p roper  system o p e r a t i o n  i t  i s  necessary t h a t  these  f i x e d  t r a n s c e i v e r s  
have ve ry  e f f i c i e n t  antennas so t h a t  t h e  l o c a l  w i r e  p l a n t  can be p r o p e r l y  
i l l u m i n a t e d  and s i g n a l s  on t h e  w i r e  p l a n t  a r e  p r o p e r l y  rece ived .  T h i s  
e f f i c i e n c y  i s  paramount f o r  who1 e-mi ne coverage. 
The c e l l  u l  a r  r e p e a t e r s  use dual  -1 oop antennas ( f o r  t ransmi  t and r e c e i  v e r )  
a t t a c h e d  t o  t h e  r i b  o r  p o s t s  i n  such a  way t h a t  t h e r e  i s  l i t t l e  danger o f  
darnage i n  normal mine a c t i v i t i e s .  The t r a n s m i t  antenna produces a  l a r g e  
rnaynet ic moment t h a t  p r o v i d e s  t h e  s i g n a l  f o r  l o c a l  c e l l  u l a r  coverage, which i s  
usua l  l y  a i d e d  by p a r a s i t i c  coupl  i ny and r e r a d i a t i o n  e f f e c t s .  The r e c e i v e  
antenna i s  s i m i l a r .  
The g l o b a l  r e p e a t e r  and base s t a t i o n  use a  newly designed RF l i n e  c o u p l e r  
( see  f i g u r e  6)  t h a t  p e r m i t s  ve ry  e f f i c i e n t  c o u p l i n g  t o  t h e  mine w i r e p l a n t .  
L i k e  a  c u r r e n t  probe, t h e  c o u p l e r  can be e a s i l y  clamped around l o c a l  
conduc to rs .  MF s i g n a l  c u r r e n t  f l  owi ng th rough  t h e  w i  r e p l  a n t  cor iductors 
produces a coupl  e r  o u t p u t  s i g n a l  ( v o ) ,  which i s  appl i ed t o  t h e  i n p u t  of t h e  
base s t a t i o n  o r  r e p e a t e r .  
Base S t a t i o n  and Repeater 
The base s t a t i o n  i s  i n tended  t o  be p laced where mine management f i n d s  i t  
most advantageous, u s u a l l y  i n  t h e  s u r f a c e  o f f i c e  complex o r  w i t h  t h e  
d i s p a t c h e r .  I f  des i red ,  t h e  base s t a t i o n  can be c o n t r o l l e d  remote ly  v i a  s i g n a l  
l i n e s  t h a t  a l l o w  t h e  c o n t r o l  conso le  t o  be p laced i n  a  sur face b u i l d i n g  f o r  
convenience, w h i l e  t h e  a c t u a l  base t r a n s c e i v e r  i s  p laced i n  t h e  mine where i t  
can more e f f i c i e n t l y  couple  i n t o  t h e  l o c a l  w i r i n g .  Both t h e  g l o b a l  repea te r  
and t h e  base s t a t i o n  u t i  1  i z e  t h e  RF 1  i n e  coup le r  f o r  rnaxirnum e f f i c i e n c y .  The 
c e l l u l a r  repea te r  i s  g e n e r a l l y  l o c a t e d  i n  a  work iny  sec t ion .  It enables t h e  
v e s t  t o  opera te  as a  mob i le  pager te lephone  by s w i t c h i n g  v o i c e  s i g n a l s  between 
t h e  l o c d l  pager te lephone network and t h e  vest .  V e h i c u l a r  r a d i o s  can a1 so 
o p e r a t e  i n  t h i s  mode. 
The system was developed around an in te rchangeab le  s e t  o f  p l u g - i n  r a d i o  
c i  r c u i  t ~nodul  es. The same r e c e i  v e r ,  syn thes i  ze r ,  and t r a n s m i t t e r  modul es a re  
used i n  t h e  v e h i c u l a r  t r a n s c e i v e r ,  base s t a t i o n ,  and repeaters .  S e r v i c i n g  t h e  
equipment o n l y  r e q u i  r e s  t r o u b l e s h o o t i n g  t o  t h e  board l e v e l  . Since t h e  
equ i  pment uses t h e  sarne r a d i o  c i  r c u i  t ~nodul es, t h e  perforrnance speci  f i  c a t i o n s  
o f  a l l  t r a n s c e i v e r s  a re  s i r n i l a r .  The s i g n a l  i n g  used depends upon t h e  s p e c i f i c  
network  r e q u i  rernents. A1 1  r e c e i v e r s  a r e  designed w i t h  an a d a p t i v e  no ise -  
opera ted  squelch network t h a t  a l l o w s  every  t r a n s c e i v e r  on t h e  n e t  t o  hear t h e  
same message ( p a r t y  l i n e ) .  
The t r a n s m i t t e r s  a r e  designed w i t h  bo th  sub-audib le  (100 Hz) and in-band 
(1000 Hz) tone  o s c i l l a t o r s .  A sub-audi b l e  tone i s  used i n  t h e  ves t  
t r a n s c e i v e r  t o  cause t h e  c e l l u l a r  r e p e a t e r  t o  s w i t c h  t h e  message (page) t o  t h e  
pager  te lephone network. The r e p e a t e r  i n c l  udes bo th  a  no i  se-operated squelch 
and a  sub-audi b l e  tone  squelch f o r  use i n  te lephone sw i t ch ing .  Sub-audible 
t o n e  s i g n a l i n g  i s  u s e f u l  i n  i d e n t i f y i n g  "s tuck  on" t r a n s m i t t e r s  t h a t  t h a t  can 
b l o c k  t h e  communications ne t .  In-band s i g n a l i n g  i s  u s e f u l  i n  emergency 
s i t u a t i o n s .  
Svstern Speci f i  c a t i  ons 
Emi s s i  ons 
Type ........................................................ Narrowband FM 
Occupied BW........................................................lO KHz 
RF frequency.. ....... ..................................... 60 t o  1,000 kHz 
Peak deviation................................................. 2 5  - kHz
Mod frequency ............................................. 0  t o  2500 Hz 
Recei v e r  
....................................................... Type Superheterodyne 
S e n s i t i v i t y  . ~ e . e . . e ~ e ~ e ~ e e ~ e ~ ~ ~ ~ m ~ ~ ~ e ~ ~ ~ 1 0  pV (12 dB Sinad) 
......................................... S e l e c t i v i t y  8-po le  c r y s t a l  f i l t e r  
I F  BW 3 d6.................................................12 kHz (min) 
70 d B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z Z  kHz (max) 
RF BW............................ ......................... 60 t o  1,000 kHz 
.................................. Squelch .........Noise operated and tone  
T r a n s m i t t e r  
Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P  ush P u l l  C lass  B 
Output  power 
Antenna 
Magnet ic  moment 
Vest ........................................................... 1  AT^? 
V e h i c u l a r  .................................................... 6 ~ ~ m 2  
KF L i n e  Coup ler  
T r a n s f e r  impedance (ZT)  
1 - i n  Coup ler  
350 kH~...................................~........~....10.0 ohms 
520 kH~.............................................~......11.2 ohms 
820 kH~.....................................................17.8 ohms 
4 - i n  c o u p l e r  
520 kH~...................~....~.~.....~.~~...~..~.~........lO.6 ohms 
PERFORMANCE RESULTS 
To a s c e r t a i n  t h e  a c t u a l  per formance o f  any mine communicat ion system, i t  
i s  necessary  t o  i n s t a l l  t h a t  system underground and measure per formance o v e r  a 
1 ong p e r i o d  o f  t ime.  Shor t - te rm t e s t i n g  i s  unaccep tab le  and i n c o n c l u s i v e .  
The Bureau o f  Mines addresses t h i s  problem by j o i n i n g  w i t h  m i n i n g  companies i n  
Memorandums o f  Agreement t o  a c q u i r e  t h i s  l ong - te r i n  per formance data.  
Four  western  inines who have agreed t o  p a r t i c i p a t e  i n  t h e s e  performance 
t e s t s  a r e  as f o l l o w s :  ( a )  York Canyon Mine ( K a i s e r  S t e e l  Co., c o a l ) ;  
( b )  Esca lan tes  Mine (Ranchers E x p l o r a t i o n  Corp., s i l v e r )  ; ( c )  S t a r  P o i n t  Mine 
( P l a t e a u  M i n i n g  Co., c o a l  ) ,  and (d )  San Manuel Mine (Magma Copper Co., 
copper ) .  Because o f  space l i m i t a t i o n s ,  i t  i s  n o t  p o s s i b l e  t o  d e s c r i b e  i n  
d e t a i l  t h e  per formance o f  t h e  MF system i n  a1 1 mines. T h i s  w i l l  be t h e  
s u b j e c t  o f  a f u t u r e  paper. I n s t e a d ,  system per formance w i l l  be d e s c r i b e d  f o r  
t h e  York Canyon Mine, where t h e  system has been i n s t a l  l e d  t h e  l o n g e s t  t ime.  
York Canyon Mine 
The York Canyon Mine i s  a comb ina t ion  s t r i p  and deep o p e r a t i o n  l o c a t e d  
n e a r  Raton, N. M a  The underground o p e r a t i o n  mines t h e  York seam, which i s  
a p p r o x i m a t e l y  6 f t  t h i c k .  The m i n i n g  o p e r a t i o n  i s  p r i m a r i l y  v i a  l o n g w a l l ,  and 
a l l  c o a l  i s  t r a n s p o r t e d  o u t  by b e l t .  The geo logy  i n  t h i s  area i s  h i g h l y  
f a u l t e d  w i t h  numerous s l i p s  t h a t  cause c o n s i d e r a b l e  p r o d u c t i v i t y  problems. 
The geography i s  h i 1  l y  such t h a t  t h e  overburden ranges f rom about  200 t o  800 
f t .  Pr imary  access t o  t h e  mine i s  v i a  f o u r  d r i f t  e n t r i e s .  
Facing these  e n t r i e s ,  one f i n d s  t h e  l e f t  one i s  f r e s h  a i r  i n t a k e ,  t h e  
second i s  a  n e u t r a l  a i r  supp ly  way, t h e  t h i r d  i s  a n e u t r a l  a i r  be l tway ,  and 
t h e  r i g h t  i s  a  r e t u r n  a i rway.  V e n t i l a t i o n  fans e x i s t  i n  t h e  p o r t a l  areas and 
a t  d i s t a n t  v e n t i l a t i o n  boreholes.  A s i m p l i f i e d  map o f  t h e  p o r t a l  area i s  
shown i n  f i g u r e  7. 
One o f  t h e  tremendous advantages o f  medium f requenc ies  i s  t h e  ease a t  
which a  we1 1  -designed system can "i 1  l u m i n a t e "  t h e  e x i s t i n g  mine w i r i n g .  
F i g u r e  7  i l l u s t r a t e s  t h i s  f o r  t h e  York Canyon Mine. A s i n g l e  l i n e  c o u p l e r  
p l a c e d  around t h e  e x i s t i n g  2 5 - p a i r  te lephone  l i n e  was t h e  o n l y  d e v i c e  
i n s t a l l e d .  Th is  c o u p l e r  was p h y s i c a l l y  l o c a t e d  about 25 f t  i n t o  t h e  e n t r y  and 
connected t o  a  base s t a t i o n  i n  t h e  maintenance shop v i a  a  s i n g l e - p a i r  l i n e .  
Measurements show t h a t  t h e  1  i ne coupl  e r  f u n c t i o n s  as a  t r a n s f o r m e r  
c o n s i s t i n g  o f  "N" t u r n s  o f  p r imary  and numerous s i n g l e  t u r n s  o f  secondary. As 
an example, i f  one had severa l  conductors  o f  s i m i l a r  e l e c t r i c a l  p r o p e r t i e s  and 
p l a c e d  one t h r o u g h  t h e  l i n e  coup le r ,  a  c u r r e n t  il would be induced i n t o  t h i s  
l i n e .  I f  a  second conduc to r  was a l s o  i n c l u d e d ,  i t  t o o  would have a  c u r r e n t  il 
induced. I f  a  dozen such conductors  were i n c l u d e d ,  each would have il 
induced. It becomes apparent  t h e n  t h a t  t o  ach ieve t h e  b e s t  performance from a 
1  i n e  coupl  e r ,  i t  i s  necessary t o  i n c l u d e  t h e  maximum p o s s i b l e  number o f  
conductors .  A 2 5 - p a i r  phone l i n e ,  l i k e  t h e  one a t  York Canyon, i s  a  bonanza 
f o r  an MF system. I n  l e s s  f a v o r a b l e  c i rcumstances,  a  l i t t l e  i n n o v a t i o n  i s  
necessary  o r  mu1 t i p l e  c o u p l e r s  can be used. Obv ious ly  a  r e c i p r o c a l  e f f e c t  
e x i s t s  on rece ive .  
P r e c i s e  measurements o f  s i g n a l  s t r e n g t h  i n  an underground mine a r e  
e x t r e m e l y  d i f f i c u l t  and t i m e  consuming. Therefore ,  f o r  t h i s  r e p o r t  per form-  
ance o f  t h e  system was based n o t  on s i g n a l  s t r e n g t h ,  b u t  r a t h e r  on t h e  
t a l k - l i s t e n  range o f  t h e  t r a n s c e i v e r s  (between base and ves ts ,  v e h i c l e  
t r a n s c e i v e r s ) .  Th is  i s  a  more meaningfu l  measure o f  performance t.o t h e  mine 
o p e r a t o r  anyway. To re1 a t e  t a l  k-1 i s t e n  i n f o r m a t i o n  t o  more q u a n t i t a t i v e  data ,  
t h e  r e f e r  t o  t h e  s e c t i o n  on system s p e c i f i c a t i o n s .  
Wi th  t h e  base s t a t i o n  and r e p e a t e r  c o n f i g u r e d  as i n  f i g u r e  7, communi- 
c a t i o n s  between t h e  base s t a t i o n  and v e h i c u l a r  o r  ve.st t r a n s c e i v e r s  were 
p o s s i b l e  t h e  e n t i r e  l e n g t h  o f  t h e  supply  way [2,800 m (9,000 f t ) ] .  The ves t  
would o c c a s i o n a l l y  produce a  poor t r a n s m i s s i o n ,  b u t  never a  poor recep t ion .  
The v e h i c u l a r  t r a n s c e i v e r  never  exper ienced a  problem. I n  t h e  ad jacen t  
e n t r i e s  ( f r e s h  a i r  on l e f t ,  b e l t  l i n e  on r i g h t ) ,  t h e  v e s t  would exper ience 
s l  i g h t l y  more t ransmi  s s i o n  problems t o  t h e  base b u t  r a r e l y  any r e c e p t i o n  
problems. W i t h i n  a  few f e e t  o f  mine conductors  (phone 1  i n e ,  be1 t f i r e  c o n t r o l  
1  i n e ,  e tc . )  , t h e  v e s t  would exper ience  no problems. Ranges o f  4,700 m (15,000 
f t )  w i t h  t h e  v e s t  were a c h i e v a b l e  i n  t h i s  manner. S u b s t a n t i a l  improvements 
a r e  a n t i c i p a t e d  w i t h  t h e  i n s t a l l a t i o n  o f  a  repea te r .  
The MF system has been i n  o p e r a t i o n  a t  t h e  York Canyon Mine s i n c e  l a t e  
1981. Var ious hardware improvements have been c o n t i n u a l  l y  made, b u t  per form-  
ance i s  e s s e n t i a l l y  as s ta ted .  The mine personnel  use t h e  system on a  d a i l y  
b a s i s  and have found i t  t o  be re1 i a b l e  and t ime-sav ing .  
Problems so f a r  have been m o s t l y  nu isance i n  nature .  For example, 
1  e a d - i n  c a b l e s  on v e h i c u l a r  t r a n s c e i v e r s  would o f t e n  break. Sometimes when 
v e h i c l e s  were b rough t  o u t s i d e  i n  t h e  r a i n ,  t h e  enc losures  would l e a k ,  caus ing  
c i  r c u i  t f a i  1  ures.  These and s i m i  1  a r  problems a r e  b e i  ng so l  ved. 
CONCLUSIONS 
A whole mine r a d i o  system has been developed f o r  underground mines based 
on rnedi um frequency p r i n c i p l e s .  The program was i n i t i a t e d  because o f  a need 
f o r  more e f f e c t i v e  communications f o r  improved p r o d u c t i v i t y  and sa fe t y .  The 
system pe rm i t s  underground personnel  t o  m a i n t a i n  communications almost any- 
where i n  t h e  rnine, and w i t h  t h e  su r f ace  complex. As a consequence, 
comrnunication i s  p o s s i b l e  t o  t h e  p o i n t  o f  equipment breakdown, a f a c t  o f  
s i  gn i  f i c a n c e  i n  i rnprovi  ny p r o d u c t i v i t y  by reduc ing downtime. 
P a r a s i t i c  coup l i ng  i n t o  e x i s t i n g  mine conductors i nsu res  ex tens i ve  
coveraye. No spec ia l  cornmunications cab1 e need be i n s t a l  1 ed. Base s t a t i o n s  
and repea te r s  can be i n s t a l l e d  i n  minutes i n  l o c a t i o n s  o f  prirne mine power. 
Backup b a t t e r i e s  are i n c l  uded f o r  a d d i t i o n a l  re1 i a b i  1 i t y .  
P o r t a b l  e un i  t s  cons i  s t  o f  vehi  c u l  a r  and personnel t ranscei  vers .  The 
vehi  c u l  a r  t r a n s c e i  ve rs  u t i  1 i ze a newly des i  yned antenna o f  excep t iona l  
e f f i c i e n c y  and durab i  1 i t y .  The personnel  t r a n s c e i v e r s  u t i  1 i ze a unique vest  
concept t h a t  pe rmi ts  a low p r o f i  1 e and a f f o r d s  excel  1 en t  user  convenience. 
Ex tens ive  t e s t s  have been run  i n  numerous underground coal  and metal  
mines. Performance has been very  yood i n  a l l  cases. These t e s t s  w i l l  
c on t i nue  i n t o  1983 t o  a s c e r t a i n  how we l l  t h e  des ign p e r f v r ~ n s  under long- term 
c o n d i t i o n s  o f  t h e  harsh rn i  ne env i  ronment . 
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FIGURE 6. - RF l i n e  c o u p l e r  f o r  base s t a t i o n s  and r e p e a t e r s  
F I G U R E  7. - P o r t a l  a r e a  of t h e  York Canyon Mine 
